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1571 ABSTRACT 
A high resolution interferometer is provided which is 
insensitive to slight misalignment of its elements, avoids 
channeling in the spectrum, generates a maximum equal 
path fringe contrast, produces an even two-sided inter- 
ferogram without critical matching of the wedge angles 
of the beamsplitter and compensator wedges, and is 
optically phase tunable. The interferometer includes a 
mirror along the path of each beam component pro- 
duced by the beamsplitter, for reflecting the beam com- 
ponent from the beamsplitter to a corresponding retro- 
reflector and for reflecting the beam returned by the 
retroreflector back to the beamsplitter. The fact that the 
mirror “covers” the retroreflector, so that the mirror 
reflects the beam component before and after it reaches 
the retroreflector, results in the system being insensitive 
to slight tilting of the mirror. A wedge located along 
each beam component path, is large enough to “cover” 
the retroreflector, so that each beam component passes 
through the wedge during movement towards the ret- 
roreflector and away therefrom,, to assure that all por- 
tions of a beam component pass through the same thick- 
ness of glass of the wedge. 
12 Claims, 9 Drawing Figures 
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INTERFEROMETER 
ORIGIN OF THE INVENTION ferometer constructed in accordance with the present 
BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a simplified side elevation view of an inter- 
5 invention. The invention described herein was made in the per- 
formance of work under a NASA contract and is sub- 
ject to the provisions of Section 305 of the National 
Aeronautics and Space Act of 1958, Public Law 85-568 
(72 Stat. 435; 42 USC 2457). 
FIG. 
FIG. 
is a view taken on the line 2-2 of FIG. 1. 
is a perspective view of one of the wedges of 
FIG. 1, showing how the rotatio,nal position of a wedge 
can affect the thickness of wedge through 
10 which a beam passes. 
a mirror surface, such as more than 45" from the normal, 
since differently polarized light may be reflected in 
different amounts in such reflections. These polarization 
effects reduce the maximum fringe contrast and hence 
the instrument efficiency. An interferometer system 
which was insensitive to slight tilting of its optical ele- 
ments, was insensitive to rotation of wedges, was opti- 
cal dispersion-phase-tunable across the wavefront with- 
out accurate wedge angle matching, avoided polariza- 
tion effects, and introduced no channeling in the spec- 
tra, would be of considerable value. 
SUMMARY OF THE INVENTION 
In accordance with one embodiment of the present 
invention, an interferometer is provided which avoids 
adverse effects from slight misalignment and which can 
produce a high fringe contrast. The interferometer in- 
cludes a mirror arrangement for directing each beam 
component received from a beamsplitter along a path 
that extends through a retroreflector and later back to 
the beamsplitter for recombination. Each mirror ar- 
rangement includes a flat mirror which reflects a corre- 
sponding beam component both in its travel towards the 
retroreflector and in its return from the retroreflector, 
SO that the system is compensated for slight tilting of the 
mirror. A wedge is located along the path of each beam 
component, with each wedge positioned so that the 
beam component passes through the wedge during 
movement toward the retroreflector and in movement 
away from the retroreflector, so that all sides of a beam 
component pass through the same thickness of wedge 
material. 
The novel features of the invention are set forth with 
particularity in the appended claims. The invention will 
be best understood from the following description when 
read in conjunction with the accompanying drawings. 
FIG. 4 is a representational view, showing how the 
system of FIG. 1 is compensated for rotation of the 
wedge of FIG. 3. 
FIG. 4A shows another retroreflector which can be 
FIG. 4B shows the manner of reflection of a beam 
from a flat mirror. 
FIG. 5 is a representational view of a portion of the 
interferometer of FIG. 1, showing how it avoids chan- 
neling effects. 
FIG. 6 is a simplified side view of an interferometer 
constructed in accordance with another embodiment of 
the invention. 
FIG. 7 is a perspective view of an optical element 
constructed in accordance with another embodiment Of 
the invention for use in another interferometer system. 
DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 
BACKGROUND OF THE INVENTION 
A basic Michelson interferometer is sensitive to even 
very slight misalignment of optical elements. Such mis- 
alignment causes the two beam Components to not over- 15 utilized in the system of FIG. 1. 
lap and therefore not produce a maximum fringe con- 
trast when they move along equal path lengths. In inter- 
ferometers utilized for spectral analysis, wedges can be 
utilized to vary the path length of different beam com- 
ponents, and also as the beamsplitter layer support to 
avoid channeling effects from beam components pass- 
ing through the beamsplitter. However, where a wide 
beam passes through a wedge, different portions of the 
beam pass through different thicknesses of the glass or 25 
other wedge material, and the differences depend upon 
the exact rotational or lateral position of the wedge. 
Another problem encountered in the use of interferome- 
ters, is that polarization effects can occur, which are 
deleterious when there are reflections at a large angle to 30 
FIG. 1 illustrates an interferometer 10 which can be 
utilized to perform spectral analysis of a collimated 
beam 12. The interferometer includes a mirror 14 with 
a hole 16 therein which may be at its center, for passing 
35 the incoming beam 12, and a wedge 18 with a beamsplit- 
ter coating 20 on a surface 22 thereof for dividing the 
incoming beam into a pair of beam components 24, 26. 
One of the components 24 that is reflected from the 
beamsplitter coating, or beamsplitter, 20 is thereafter 
reflected from the mirrored surface 28 of a mirror 30, 
through a different wedge 32, to a cat's eye retroreflec- 
tor 34. The retroreflector 34 produces a return beam 
component 24a which is parallel to but offset from the 
incoming beam component 24h The returned beam 
45 component passes through the wedge 32 and is reflected 
from the mirror 30 towards a mirror coating 36 that is 
located on the surface 22 of the wedge 18. The reflec- 
tive coating or mirror 36 reflects the beam component 
against a mirror region 38 of the mirror 14. The beam 
50 component reflected from the mirror region 38, retraces 
its path against the mirrors 36,30 through the wedge 32 
to retroreflector 34, through the wedge 32 to the mirror 
30, and back to the beamsplitter rat 20. This return beam 
is shown as offset at 24d, only for clarity, the beams 
The other beam component 26 initially produced at 
the beamsplitter 20, passes through the wedge 18, is 
reflected by a mirror 40 to another retroreflector 42, 
and is returned by the retroreflector as the beam com- 
60 ponent at 26u. The beam compoment at 26a is reflected 
from the mirror 40, passes through the wedge 18, and 
reaches another mirror region 441 of the mirror 14. The 
mirror region 44 returns the beam component along its 
path through the wedge 18, against the mirror 40, 
65 through the retroreflector 42, again to the mirror 40, 
and again through the wedge 18 to reach the beamsplit- 
ter 20. The two beam components at 24d, 26d are re- 
combined by the beamsplitter 20 to emerge as an outgo- 
55 actually being coincident. 
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ing combined beam 50 that is directed against a detector appreciable effect on the interference pattern at the 
52. detector 52. 
If the two beam components 24, 26 move along air In the use of the spectrometer 10 for spectro-analysis 
paths of equal length, and along paths within the of an incoming beam 12, it is often desirable to initially 
wedges 18, 32 which are also of equal length, then a 5 utilize the system so that the beam components 24, 26 
bull’s eye interference pattern will be produced on the pass through precisely the Same t h k A m ~ ~ s  of glass of 
detector 52. In an interferometer utilized to measure the two wedges 18932. Due to the appreciable width of 
distances, one of the retroreflectors such as 34 or 42 the incoming beam 12, it would be possible for different 
may be moved and the changes in the interference pat- sides of the beams to pass through different thicknesses 
tern observed to detect such movement. In an interfer- 10 of the wedge material. TO assure that both beam com- 
ometer utilized for spectral analysis, it is sometimes ponents interact similarly with their wedges, it then 
required that the optical path difference in each arm (Le. would be necessary for the two wedges 18, 32 to be 
for each beam component path which is different from formed with PreCiselY the Same wedge 
that of the other component) be the same at all wave- even if the two wedges l8$ 32 were formed with pre- 
lengths or colors. To accomplish this, one ofthe wedges 15 cisely the f%3me wedge angle, it would be necessary that 
such as 32 may be moved, as in the direction ofarrow 54 the rotational and lateral positions along arrow 54, of 
by a positioning device 56, to create a slight difference the wedges be very shows 
in the path length of one of the beam components in the how the thickness through a wedge as 
from thickness X to thickness Y, when the wedge ro- glass or other material of the wedge 32, to produce a 
change in the interference pattern. The spectral compo- 
Each wedge such as 32 (FIG. 1) is positioned so it nents of the incoming beam are analyzed by scanning 
“covers” a corresponding retroreflector 34, to intercept 
both the incoming and returned beam components 24b, either retroreflector 42 or 34 or both, (e.g. by translat- 
interferometer 10 which is illustrated is especially 25 material through which a beam component such 24 
passes (to balance that passed by the other) is made adapted for spectral analysis. 
controlled* 
20 tates slightly. 
ing the retroreflector 34 Or down in ‘1’ The 24a. As a result, the thickness of glass or other wedge 
The mirrors 30? which direct each beam independent of the angle of the wedge and the rota- 
tional orientation of the wedge about the a i s  of one of 
be 30 wedge 60, becomes insensitive to the wedge angle and 
nent emerging from the beamsplitter Onto a correspond- 
ing retroreflector 34, 42 are provided to enable a more its surfaces. FIG. shows how a system containing a 
possible to eliminate these mirrors 30, 40 and position wedge rotational position, when the wedge is utilized to 
the retroreflectors 34,42 to directly intercept the beams a retroreflector 62. An incoming beam 64 of ap- 
to the overall dimensions of the interferometer. The 66 that has a head 68 at one side of the beam and a tail 
provision of additional mirrors 30, 40 could have the 35 70 at the other side. n i S  beam 64 is reflected off the 
adverse effect of increasing the tilt sensitivity of the mirror 72 of the cat,s eye retroreflector 62, off 
system, since the two beam components must be com- the secondmy mirror 74, and 
billed so that they are precisely aligned with one an- mirror 72, to produce a return beam 76. The retroreflec- 
other and any tilting of a mirror could shift the position tor 62 the orientation of the beam, so that the 
of a beam However, the combination of a 40 arrow at 66r in the return beam, is oriented with its head 
cat’s eye retroreflector such as 34 and the mirror 30 at 68,. facing in the opposite direction to the head 68 of 
which completely “covers” the cat’s eye retroreflector, the incoming beam. 
avoids high mirror tilt sensitivity. In the apparatus of FIG. 4, all portions of the incom- 
The tilt insensitivity of the mirrors 30, 40 is due to ing beam 64 pass through precisely the same thickness 
their reflection of beam components both when aP- 45 of the glass material of the wedge 60. (That amount of 
proaching the retroreflectors and when returned there- thickness is adjusted by shearing movement of the 
from. When a beam component such as at 24-e is re- wedge over the cat’s-eye retroreflector.) The head 68 of 
flected Off the mirror 30, any tilting Of the mirror will the arrow passes through the thickness A of wedge 
direct the beam at a slight angle from the optimum material during movement towards the retroreflector 
direction. However, the retroreflector 34 reverses the 50 and passes through the distance D of wedge material 
orientation Of the beam, SO that the beam component at along the return path. The tail 70 of the arrow passes 
%f returned by the retroreflector to the mirror 30 will through the thickness B of wedge material during pas- 
undergo a reverse tilting when it is reflected from the sage towards the retroreflector, and passes through the 
mirror 30. These two reflections, of the beam compo- thickness C of wedge material during its return. From 
nents at N e  and 24f result in cancellation of any slight 55 simple geometrical considerations, it can be shown that 
tilting Of the mirror 30. In a similar manner, the beam the distance A + D of the head equals the distance €3 +C 
component after return by the mirror region 38 of mir- of the tail. The Same equality exists for all portions of 
ror 14, undergoes two reflections off the mirror 30, with the arrow 66. Thus, the thickness of wedge material 
the cat’s eye 34 reversing the orientation of the beam through which the beam component passes in move- 
component between the two reflections, to again cancel 60 ment towards and away from the retroreflector, equals 
the effects of any slight tilting of the mirror 30. As a twice the thickness of the wedge as measured along the 
result, slight tilting of the mirror 30 does not change the axis 78 of the retroreflector. The path length through 
angular orientation of the beam component at 24d wedge material can be equalized for the two wedges 18, 
which is combined with the other beam component, but 32 of the interferometer 10 of FIG. 1, by shifting one of 
only effects a very slight shift of the beam component at 65 the wedges such as 32 along arrow 52. It is not neces- 
24d. As a result, tilting of the mirror 30 by seconds of sary to very closely control the orientation of the 
arc causes no appreciable effect, and only tilting in wedges or match the angles of the two wedges. It may 
excess of on the order of 10 minutes of arc produces an be noted that the actual wedge angle, which is the maxi- 
interferometer to be designed* It 
from the beamsplitter, but this would add considerably preciable width is shown, which represents an arrow at 
off the 
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mum angle between lines on the surfaces such as 80,82 The use of the wedges 18,32 enables the elimination 
of the wedge 32 of FIG. 1, is typically about 0.3", a of "ghost" images. FIG. 5 shows a portion of the inter- 
larger angle being shown in the figure to aid in under- ferometer of FIG. 1, and indicates the manner in which 
standing of the system. It may be noted that one of the a ghost reflection G may be generated, as a reflection of 
wedges can have parallel faces, so that its function is to 5 the beam component 26 at the glass-air interface formed 
provide a path length in glass for a beam component, to at the surface 90 of the wedge 18. If the two surfaces 22, 
match the glass path length of the other wedge which 90 of the wedge 18 were parallel, then the beam compo- 
has angled faces. However, the use of parallel faces nent 24 and the ghost reflectioln G would pass along 
requires other means to avoid ghost reflections or at parallel paths throughout the entire path of the beam 
least minimize adverse effects from them. The term 10 component 24, so that the ghost G would reach the 
"wedge," is used to refer to a largely plate like and detector. By angling the wedge surface 90 from the 
transparent element for transmitting a light beam. beamsplitter 20 which lies on the surface 22, the ghost 
Although a cat's eye retroreflector is utilized in FIG. reflection G extends at a slightly different angle than 
1, other retroreflectors can be utilized, such as a comer the beam component 24. As a result, when the ghost 
retroreflector shown at 84 in FIG. 4A. The comer 15 reflection reaches the primary mirror 92 of the retrore- 
retroreflector 84 is also of the reversing type, in that an flector 34, it is oriented at a slightly different angle than 
arrow 86 represented by an incoming beam is reversed the beam component at 246. While the beam component 
in orientation at 86r along the returned beam from the 246 is reflected to the center of the secondary mirror 94 
retroreflector. It may be noted that this reversing phe- of the retroreflector, the ghost reflection G is reflected 
nomenon is not present in all reflectors. For example, 20 to one side of the secondary mirror, and against a mask 
FIG. 4B shows a flat mirror 88 which receives a beam 96 that surrounds the secondary mirror 94. As a result, 
representing an arrow 91, and with the returned beam the ghost G is absorbed by tiie mask 96, and is not re- 
having the same orientation as the incoming beam, turned by the retroreflector. Thus, in a compact inter- 
rather than the orientation being reversed. If a mirror ferometer, where there is not sufficient room to direct 
such as 88 were utilized in place of the retroreflector 34 25 the ghost reflection to one side of the mirror so as to 
in FIG. 1, then different portions of the beam compo- dispose of it, the ghost reflection nevertheless can be 
nent would pass through different thicknesses of wedge eliminated by the use of a cat's eye retroreflector 
material, and the two wedges 18,32 would have to be wherein a mask is utilized around the secondary of the 
precisely matched in construction and orientation. cat's eye to absorb the ghost reflection. 
Also, if such a mirror were utilized, a mirror such as 30 30 FIG. 6 illustrates an interferometer 100 similar to that 
utilized along the beam component path, would be of FIG. 1, except that the mirror 30 and wedge 32 of 
highly tilt sensitive. FIG. 1 are replaced by a single wedge and mirror com- 
One of the problems that can arise in an interferome- bination 102. In this combination element, a reflective 
ter, is uneven reflection of differently polarized portions coating 104 is formed on a far face of the wedge 106. 
of the light. This is reduced in the system of FIG. 1, by 35 This design reduces the number of optical elements and 
orienting all reflecting surfaces so that all reflections are the number of air-glass (or other transparent material) 
made at fairly close to the normal direction to each interfaces. 
reflective surface. The reflectivity and transmissivity of FIG. 7 illustrates a wedge 110 which has a beamsplit- 
surfaces is polarization dependent, and becomes more ter 112 and mirror 114 formed as coatings thereon, 
dependent as the incidence angle increases. It is found 40 which can be used in a system in place of the wedge 18 
that reflection angles (as measured from lines normal to of FIGS. 1 and 2. In the wedge 110, the beamsplitter 
the reflecting surface) of more than about 30" result in 112 and mirror 114 are spaced by 120" around the center 
uneven reflections of light portions of different polar- axis of the wedge, and are spaced by 120" from a loca- 
ization directions, with reflections at 45" to the normal tion 116 through which a beam component passes, 
resulting in appreciable differences. In the system of 45 which is comparable to the beam component 26 in its 
FIG. 1, all reflections are held to no more than about movement between the mirrors 40 and 44 of FIG. 1. 
30", to avoid such unevenness. It may be noted that Since the centers of the three locations, or the beam- 
polarization-based uneveness of reflection can be de- splitter 112, mirror 114, and clear path 116, are not all 
tected by sensitive instruments at angles as low as 20", arranged along a line, utilization of the wedge 110 will 
but the effects become large enough to seriously impair 50 require the beam components to be diverted out of a 
the efficiency (amount of fringe contrast) of the interfer- common plane, as by tilting the mirror 40 and shifting 
ometer at larger angles such as above 30". the position of the corresponding retroreflector 42 in 
The wedge 18 shown in FIGS. 1 and 2, is constructed FIG. 1. The advantage of the wedge 110 is that it eff- 
with both the beamsplitter coating 20 and mirror coat- ciently utilizes the area of a circular optical element, 
ing 36 formed on the same surface 22 of the wedge. This 55 which is the element shape most easily manufactured. 
minimizes the number of very accurate surfaces that Thus, the invention provides an interferometer which 
must be formed on the wedge 18. Both the beamsplitter is relatively compact and tilt insensitive. In fact, the 
20 and reflector 36 must be formed accurately flat and arrangement is not only tilt insensitive (the two beam 
parallel, so that the surface 22 on which they rest must components remain overlapped in spite of small optical 
be formed flat to perhaps one quarter wavelength. By 60 element tilt) but is tilt compensated (the interference 
placing the beamsplitter and reflector on the same sur- pattern formed by the overlapped beam components 
face 22, the other surface 90 of the wedge can be formed does not shift position). Tilt compensation for certain 
to much larger tolerances, such as to within one wave- mirrors of the interferometer is achieved by the use of 
length of flatness rather than one quarter wavelength. retroreflectors of the type that produce a returned beam 
Of course, the positioning of the beamsplitter 20 and 65 which is (reversed from the incoming beam, and by 
mirror 36 on the wedge results in a fewer number of positioning the mirror to cover the retroreflector so that 
separately movable parts whose relative alignment must both the incoming and returned beam will be reflected 
be accurately maintained. from the mirror. In a similar manner, a pair of wedges 
4,278,351 
7 8 
through which different beam components pass, are 6. The interferometer described in claim 1 wherein: 
made insensitive to matching of the wedge angles and all of the mirrors of said mirror arrangements are 
orientation of the wedges, by positioning each wedge so positioned so that all reflections of said light beam 
it covers the corresponding retroreflector to assure that portins incident thereon are in the range of about 0" 
both the incoming and returned beams of the retrore- 5 to 30" from a direction normal to the mirror sur- 
flector pass through the corresponding wedge. The face. 
beamsplitter can be formed as a coating on one surface 7. In an interferometer which includes a pair of retro- 
of one of the wedges, and further simplification can be reflectors, a pair of wedges, and a beamsplitter for split- 
achieved by forming a mirror coating on the same sur- ting a beam into a pair of beam components, and which 
face of the wedge as the beamsplitter. Removal of ghost 10 is constructed so the beam components pass through the 
reflections can be achieved by the use of a cat's eye wedges and against the retroreflectors in paths that 
retroreflector, wherein a mask is positioned around the return the components to the beamsplitter to combine 
center of the secondary mirror to absorb the ghost re- them, the improvement wherein: 
flections. said beamsplitter comprises a coating lying on a sur- 
face of one of said wedges, and occupying only a 
have been described and illustrated herein, it is recog- portion of said surface, so that light can pass 
nized that modifications and variations may readily through said wedge in a path that does not lead 
occur to those skilled in the art and consequently, it is through said beamsplitter coating. 
intended that the claims be interpreted to cover such 
modifications and equivalents. 
The embodiments of the invention in which an exclu- 
sive property or privilege is claimed are defined as 
follows: 
Although particular embodiments of the invention 15 
8. The improvement described in claim 7 wherein: 
said interferometer includes a mirror positioned along 
the path of one of said beam components, said 
mirror comprising a reflective coating lying on said 
wedge surface beside said beamsplitter coating and 
occupying a portion of said wedge surface. 
2o 
1. An interferometer comprising: 
first and second retroreflectors which return a beam 25 
reversed in orientation from the incoming beam; 
a beamsplitter for receiving a light beam directed 
along a predetermined input path, to split it into 
first and second beam components; 
means for directing each of said beam components 
along a corresponding path leading into a corre- 30 
sponding one of said retroreflectors, and for re- 
combining beam components from said retroreflec- 
tors to form an interference pattern; 
said directing means including two mirror arrange- 
ments, each associated with one of said retroreflec- 35 
tors and each including at least one flat mirror 
positioned to direct a corresponding beam compo- 
nent leaving said beamsplitter to the corresponding 
retroreflector and to also reflect the beam compo- 
nent returned by the retroreflector, whereby to 
make the interferometer insensitive to slight tilting 
of the flat mirrors. 
2. The interferometer described in claim 1 including: 
first and second wedges, each having a pair of flat 
faces angled from each other, and each wedge 45 
positioned to lie in the path of one of said beam 
components to intercept said component both 
when said component moves towards and when it 
moves away from the corresponding retroreflec- 
tor, whereby to avoid different path length for 50 
different portions of a beam component, through 
optical material of said wedges. 
3. The interferometer described in claim 2 wherein: 
said beamsplitter comprises a coating lying on a pre- 
4. The interferometer described in claim 3 wherein: 
one of said mirror arrangement includes a mirror 
coating lying on said predetermined wedge surface 
beside said beamsplitter coating. 
5. The interferometer described in claim 1 including: 60 
a pair of wedges, each positioned along the path of 
one of said beam components; and wherein 
at least one of said retroreflectors is a cat's eye type 
which includes primary and secondary mirrors, 
with the primary mirror capable of focusing a colli- 65 
mated beam onto the secondary mirror, said cat's 
eye retroreflector including a light absorbing mask 
9. An interferometer comprising: 
a pair of flat mirror regions (44,38) with a space be- 
tween them for passing an incoming light beam; 
a beamsplitter (20) positioned to receive an incoming 
beam passing between said mirror regions; 
a first retroreflector (42) which produces a return 
beam parallel to but displaced from an offcenter 
incoming beam; 
a first mirror (40) positioned to reflect the beam por- 
tion transmitted by said beamsplitter to said first 
retroreflector along a path off the center of the 
retroreflector, so that the beam portion is returned 
to the first mirror and reflected to one of said mir- 
ror regions (44) in a path spaced from the beam- 
splitter, and then returned via the first mirror and 
first retroreflector to the beamsplitter; 
a second retroreflector (34) which produces a return 
beam parallel to but displaced from an offcenter 
incoming beam; 
a second mirror (30) positioned to direct the beam 
portion reflected by the beamsplitter to said second 
retroreflector along a path off the center of the 
second retroreflector; and 
a third mirror. (30) positioned to reflect the beam 
portion after it is retroreflected to said second mir- 
ror, toward a second of said mirror regions (38), for 
subsequent return by way of the third and second 
mirrors and second retroreflector to said beamsplit- 
ter, for recombining with the first beam portion. 
10. The interferometer described in claim 9 including: 
first and second optical wedges, said first wedge lo- 
cated along the path of only said first beam portion 
and said second wedge located along the path of 
only said second beam portion, and each wedge 
positioned so that the corresponding beam portion 
passes therethrough in travel both toward and 
away from the corresponding retroreflector. 
11. The interferometer described in claim 10 wherein: 
said second mirror comprises a reflecting coating on 
a surface of said second wedge, and covering a 
minority of said surface. 
12. The interferometer described in claim 9 wherein: 
said beamsplitter and third mirror comprise coatings 
determined surface of one of said wedges. 55 
formed on portions of said first wedge. 
beside said secondary mirror. * * * * *  
